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ABSTRACT

The studies described here indicate that the fluorescent cell-
counting technique provides a rapid, precise, reproducible, and sen-
sitive procedure for the assay of infective particles of psittacosis
virus. The efficiency of virus adsorption onto coveralip cultures
of McCoy cells was markedly increased by the use of centrifugal
force; assay values were 1.0 log higher than those obtained after
stationary incubation. With the former procedure, the rate of cell-
virus contact was independent of the volume of inoculum. Incubation
for 20 to 22 hours was optimal for enumerating fluorescent viral
particles in stained cell cultures. Virus assay values were not
affected unduly by the incubation of infected cell cultures at
temperatures ranging from 32* to 39'C. The number of fluorescent
cell-infecting units was a linear function of virus concentration;
the distribution of infected cells on coverslip cultures was random.
The reduction of cell-infecting units of psittacosis virus by dilu-
tions of specific antiserum suggests the possible usefulness of the
procpedure for detecting and measuring ],eve]ls ae ur -nqPigf

Th-A damonantration that the coneentration
aerosols can be determined within 24 hours exefaplifiea the rapidity
and applicability of the fluorescent cell-counting technique.-



5

I. INTRODUCTION

~he fluorescent cell-counting technique, introduced by Wheelock and
Tamm for the assay of Newcastle disease virus, has been applied succesa-
fully for the titration of adenoviruso and human cytomegalovirus.2 The
technique provides a, highly reproducible and rapid assay for infective
virus-particles, by the enumeration of calls containing viruis antigen that
is produced, depending on the strain ~of v'irue.~inoculum employed, within
10 to 48 hours. In sensitivity, the method compared favorably with the
different a 'nima~l and tissue culture systems-that were employed to esti-
mate the concentration of the aforesaid 4iriuiss. In view of these marked
advantages, the' feasibility of using this procedure for the assay of
psittac osis virus was investigated.

This report describes the application and standardization of the
fluorescent cell-c~ounting technique for the quantitative assay of psittaco-
sis -virus..

----..--.. - .---.-- ~ -_ r-. ': - t. - ,.--. <..... -- .. -

A., VIRUS' -

oilh Bo r no staois", d/$n UaAidi thejse stU4ie~ t.jLj
h istotylr has -`bewA:4ecMd i114Tewhere--1 z-Stock suspenhe-lons- -of virus -waei
Tru$ý&d .3 ine~~exi~ e,;6 'Twf ttr d Vith virus ht haitfdd baer6
passed. 1o64r times---prev ou1y, jin-dh. _e,-.ie After iriaubat ion, for -~7Z
hours at.35 "C1, tissue culture fluids were harvest'ed, clarified by. low-
speed centri f U-ton dI pnedit glass rials, an trd at -606C.

inoculation contained approximately Z& D 0 per nitaililiter.

]B, CELL LINE

The established cell line, McCoy,' derived from human synovial tissue8
was used for Virus ass~ay.L A culture-was obtained from Dr. Francis B.
Gordon, Naval Medical Research -Inotitutei, -:ethesda, - d. Preliminary
experiments employing high multiplicities of virus to cells indicated
that approximately 99 per cent of- the cells were susceptible to infection
by psittacosis virus.
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C, CELL CULTIVATION

Nutrient medium for the cell line consisted of mixture 199 containing
0.5 per cent lactalbumin hydrolyzate, 1.0 per cent heat-inactivated calf
serum, 50 micrograms of streptomycin, and 75 micrograms of kanamycin.
Cells were maintained in mixture 199 and 5 per cent calf serum. For virus
assay, cells were cultivated on circular coverslips (15-millimeter diameter)
inserted in flatbottomed glass vials (18 by 100 millimeters). One milli-
liter of cell suspension, containing .1 x IP to 3 x i& cells, was intro-
duced onto coveralips that were then incubated for 24 hours at 35*C or
until a complete cell monolayer was formed. Coveralip cultures were
washed twice with two milliliters of maintenance medium prior to the
addition of virus inoculum.

D. VIRUS ASSAY

Virus dilutions were prepared in maintenance medium and introduced in
0.2-milliliter volumes directly into vials containing;coveralip cell

-lues.Routinlely, virtus adgofr6tl~ff -WdI cirried- cue -bycentifugioni_-
JinAfbff L I~ LJ~L~ at1u 4.J.fli d.U £..I.~J LI rc , vials were

placed in slotted cups containing tube adapters, sealed with a screw'-dame
cover, and M6iunted on a four-place, pin-type head. centritugationwas

performed in an International centrifuge, size 2, model V. Coverslip
cultures were rinsed twice with maintenance medium following adsorption
of virus; one milliliter of the medium was added then to each vial. After
incubation for 20 to 22 hours at 35*C, coveralips were rinsed twice with
cold PBS, fixed with cold (-60'C) acetone,.and either prepared immediately
for immunofluorescent staining and cell-counting or stored at .- 60 8 C for
subsequent examination. Fixed cell cultures stored at -60'C for as long
as two weeks showed no decrease in fluorescence' on staining.

E. ANTISERUM CONJUGATE AND TECHNIQUE OF IMMUNOFLUORESCENT STAINING

Psittacosis virus antiserum obtained from immunized turkeys was con-
jugated with fluorescein isothiocyanate by the method of Riggs et al.8
The conjugate was adsorbed twice with liver, kidney, heart, and muscle
powder of rabbit origin and once with spleen and bone marrow powder. For
staining, the conjugate was used as a 1:10 dilution.

The direct fluoreiscent antibody technique was employed to obtain
immunofluorescence of infected cells. Infected cell monolayers, fixed
with cold (-60'C) acetone previously, were washed three times with PBS
and stained with the conjugate for 30 minutes. Coverslip cultures were
rinsed then in three changes of PBS to remove excess conjugate and mounted
in ten per cent glycerol in PBS.
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F. FLUORESCENCE MICROSCOPY

Coveralip cultures were examined with a Zeiss fluorescence mnicroscope
equipped with a 200-watt Osram lamip, Schott UG-2 and UG-5 transmitting
filters, and a Schott GG-4 barrier filter.

G. FLUORESCENT CELL-COUNTING AND CALCULATIONS

The number of microscopic fields contained in the area of a 15-milli-
meter coverslip was 2208 with the optical system employed. Each field
contained 150 ± 25 cells. For each coverslip culture, 100 microscopic
fields were examined for fluorescent cells. To calculate the number of
call-infecting units (CIU) of virus per milliliter, the average number of
fluorescent cells per field was multiplied by the number of fields per
coverslip, the reciprocal of the dilution of virus inoculum, and a volume
factor (for conversion to milliliters).

A. CONDITIONS FOR VIRUS ADSORPTION

1. Centrifugal Force versus Stationary Incubation

-The effioiency of various procedures for-the adsorption of 'psittaco-
sis virus particles onto cell monolayers was investigated. Virus.adsorption
was carried out at different conditions of centrifugation and stationary
incubation. Two-tenths milliliter of s W0" dilution of virus stock suspen-
sion was introduced into several vials containing coveralip cell monolayers.
that were subjected, in groups of three, to different experimental treat- .

ments. Results in Table I reveal that the number of cell-infecting units
of virus were markedly higher after the application of centrifugal force
than after stationary incubation during the period of virus adsorption.

2. Rates

The rate of virus adsorption onto cell monolayers was determined
during stationary incubation (35*C) and centrifugation (500g). The latter
condition was selected arbitrarily because the efficiency of virus adsorp•-
tLion appeared comparable at all centrifugal speeds that were tested initi-
ally. For these experiments, 0.5 milliliter of a I0- dilution of virus
was added to vials containing coverslip cultures. During the period of
virus adsorption, vials were removed at designated intervals and 0.25
milliliter of residual inoculum from each vial was introduced onto addi-
tional cell monolayers to measure the quantity of unadsorbed virus.



TABLE I. EFFECT ON THE ASSAY OF PSITTACOSIS VIRUS
OF VARIED CONDITIONS FOR ADSORPTION OF VIRUS

Condition for Virus Adsorption 10 CIU per Milliliter!/

Centrifugation 250g, 1 hour, 21"C 2.2

500g, I. hour, 23'C 2.2

800g,-1 hour, 23*CC.

1300g, 1 hour, 26*0  1.7

Stationary 1 hour, 23*C .0.06

incubation
2 hours, 230C . 0.13

---- -- 2 hours, 35*C 0.12

Residual inocula derived from oall monolayer. that had been centrifused
or held at stationary incubttiotv previously were adsor~,ea af 560g' -or hon,
hour at -230C and. tiwo. ho4rSL ajt'35L%, respect~ively-. Fol1lowinig the'demignated
periods. for virus adsorption fot:bot~h.ihitial and residual Inpicqla- l
coverslip c~ultures wire rinssiod twice with aanea I~taAdincubated
with fresh medium for 20 hours at -350C.-

isThe per cent of virus adsorbed during e~ach.._ite~r~v wikh ea~ch pr~ocea4ure-
isdepicted in Figure 1. Within 15 to 30 minutes, more than 98 per cent of

the.virub was adsorbed during centrifugation, whereas approximately 55 per
cent was adsorbed during stationary-incubation for two hours. Since the
efficiency and rapidity of virus adsorption onto cell monolayers attained
by the use of centrifugal force was clearly superior to results with station-
ary incubation, centr ifugation at 5OOg for 30 minutes at room temperature
was employed as the procedure for virus adsorption in all subsequent
exper im~ents.
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3, Volume of Jnoculum

An experiment was performed to ascertain theefficiency of centrifu-
gation for infecting cell monolayers from different volumes of inoculum.
Adsorption from different volumes of a 106 dilution of virus inoculum onto
cell monolayers was carried out in the standard manner and then the mono-
layers were incubated for 22 hours at 35 0C. Results in Table II reveal a
proportional increase in the number of cell-infecting units of virus with
volume of inoculum from 0.1 to 1.0 milliliter. Although the value obtained
with t 2.0-.milliliter volume was not strictly proportional, in all proba-
bility an extension of the centrifugation time or the use of greater centri-
fugal force would increase the efficiency of virus-adsorption from this
volume of inoculum. Proportionality between different volumes of inoculum
and infected cell counts was not demonstrable when'virus adsorption was
carried out by stationary incubation. It appears,-within practical limits,
that the rate of cell-virus contact is independent of the volume of.inoculum
when adsorption is carried out with the aid 6f centrifugal force.

AND CELL-INFECIINC UNITS 9uITTA0osiS VIRUS

Volume, ml CIW per 100 Fields

0.1 ' 33

0.2 .,73

0.5 163

1.0 358

S. ..."2.0 569

a.. Cell-infecting units. Mean of two determinations.



B. INCUBATION PERIOD

1, Length

The incubation period, defined in this assay system as the interval
between virus inoculation and the development of recognizable quantities of
viral antigen in cell cultures, is an..integral part of the fluorescent
cell-counting procedure. Ideally, this period should be terminated before
newly synthesized virus particles are released (to prevent secondary in-
fection of cells) but should be sufficient to insure the primary formation
of substantial amounts of viral antigen within infected cells. To establish
an appropriate period of incubation, cell monolayers were infected with an
equivalent concentration of virus inocula and adsorbed in the prescribed
manner. At designated intervals of incubation a1f 35 0 C, three infected cell
cultures were stained with fluorescent antibody and examined.

Minute, intracytoplasmic,.particles exhibiting faint fluorescence,
suggestive of viral antigen, wei' observed as -arly as four to seven hours
after infection. At 12 hours, the fluorescent particles had increased in
size, but they were difficult to. detect consistently (Figure 2). From 18

.. ...... t• •2Zhours_af~er~infection .. ,fluoreicen *t-inclue ions -were- .-plailzty- v-4 4e. and

-2 • ....- infected cells- could-.be_.countie a. 1.Inr mgin -.warn .
and often segmented at 24 hours aftet infection (Figure 4) and, occasionally,

a few arPpeared to- have burat. Call~ mori~la-yara incubatad for 18S, 20, 2 2,an
24 hours after infection had an equivalent number of calls that exhibited
fluorescence. Thirty hours after-,Jnfection, inel~sions were very large and
many showed signs of ruptura. USgially,,minute, granular, fluorescent
particles were seen in 'the vicinity of these inaluesions (Figure.5). The
fluorescence of 'inclusions that had-burst was markedly reduced. Based on
these sequential observations on the development of viral antigen within
cells, the optimal period for incubation of infected cell monolayers was
established as 20 to 22 hours.

Cell cultures treated with virus inactivated by ultraviolet irradia-
tion or heat (569C, onehour) exhibited no fluorescence on otaining.

2. Temperature

The influence of different temperatures of incubation on the assay
of virus is shown in Table III. Uniform values for virus assays were
obtained when incubation periods (22 hours) were carried out at temperatures
of 350., 370, and 39'C. Inclusions were large, distinct, and could be counted
easily when infected cell cultures were incubated at these temperatures.
The slow formation of viral antigen at 32'C, indicated by the appearance of
inclusions that were small and sometimes difficult to enumerate, may account
for the slightly lower value obtained at this temperature.
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Figure 2. Fluorescent Paittacosis Viru's Antiglen
-in- Covers lip, u -turas -o fMcCoy-;a Jfa,

infect ion. (aX

Figure 3. Fluorescent Psittacosis Virus Antigden

in Coverelip Cultures of McCoy Cells.
Large fluorescent particles 22 hours
after infection. (320X)
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F'igure 4. Fluorescent Psittacoais Virus Antigen
- - -in Goveralip Cu-Itures of McCoy Cells,

± 24 hours
after infection. (320X)

Figure 5. Fluorescent Psittacosis Virus Antigen
in Cov-rs-ip Cultures of McCoy Cells.
Ruptured viral inclusion 30 hours after
infection, exhibiting diminished
fluorescence. Note. minute partIcles
in vicinity or inclusion. (320X)



14

TABLE 111. EFFECT ON THE ASSAY OF PSITTACOSIS VIRUS OF DIFFERENT
TEMPflERATURES OF INCUBATION FOR INFECTED MCCOY CELL MONOLAYERS

Temperature, 'C 10C11per ml1

32 1.1

35 1.6

37 1.6

39 1.4

a. Cell-infecting units. Mean of three determinations.

C. LINEARITY BETWEEN VIRUS CONCENTRATION, A$D CELL-ýINJECTING UNITS

tions of virus over a range of l13 Log W: ts4and _gh nuke ofcl-infecting
unlits, or~v3rus. Tiheve dat cual taiali.twi~n el wasi Elie G

sequence of infection by aI sI5Le,:nfect~:iQ-41rV8 , ice.

D. RANDOM DISTRIBUTION OF -'INEOTED~CELULS. -

Two hundred radmfed ' kwp o.f ucscent cells on each of

forcoVers lip ueura'eviisyhet~ 'ipr3V The frequency of
fielIds containi~ng f 1Cwreacent -*'Ii,,4P5.iýP the theoretical
Poisson distribution. .A-representatwve detpritnAtion shown in Figure 7 in-
dicates that the observed fraqu Wicioso4" itd, cells corresponded closely
to the thsieft~'i Vd" `"o;V'dence of a significant
departure f rom Poisson variatioriat the 0.0!j., level in any of the four sets
of data using the e-~test. of, -goo~nssI- Of "fit".' Since the mean and the vari-
ance of the Poiskan distrihiutionr the same, the ratio of the sample vari-
ance to the sample mean is a measure of the extent-of departure from Poisson
variation. The mean ratio of the four sets of data was approximately 1.19.
These data are indicative of a random distribution of infected cells.
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E, PRECISION, SENSITIVITY, AND REPRODUCIBILITY OF THE ASSAY

Twelve determinations were made to estimate the precision of the fluo-
rescent cell-counting technique. Cell cultures were infected and incubated
in the prescribed manner. The number of cell-infecting units of virus per
milliliter of inoculum ranged from 1.4 x le to 2.3 x l0e with a mean of
1.7 x 10'. The standard deviation was 0.29.

The sensitivity of the cell-counting procedure was compared with that
of three other methods that employ dilution endpoints for estimating the
concentration of psittacosis virus. Cell-infecting units of virus were con-
verted to logarithms to facilitate a comparison of the data shown in Table
IV. The fluorescent cell-counting procedure, within the limits of the
doses employed, was equivalent in sensitivity to two of the assay methods,
intracerebral inoculation of mice and yolk-sac inoculation of chick embryo-
nated eggsj and appeared superior to the cell-culture system using cyto-
pathic changes as the index of virus infectivity.

The reproducibility of the fluorescent cell-counting technique employing
several dilutions of virus inoculum in each of four determinations is show....
in Table 7. The data attest to the reproducibility oa the axsay, 4ai h en-
centration levels employed.

F. NEUTRALIZATION OF CELL-INFECTING UNITS OF VIRUS

A serum neutralization test was carried out using dilutions of psittaco-
sis antiserum, each of which was mixed with a standard concentration of
virus inoculum. Results in Table VI show that various dilutions of antiserum
produced a marked reduction in the number of cell-infecting units of virus.

G. ASSAY OF VIRUS AEROSOLS

The usual procedure for determining the viability and concentration of
viral agents in aerosols is to introduce portions or dilutions of the impinger
fluids into susceptible hosts and to note the manifestation of responses
indicative of virus infection. The intracerebral inoculation of mice exem-
plifies this method of assessment. It was compared with the fluorescent
cell-counting technique for determining the concentration of psittacosis
virus in aerosols. Details and results of several tests that were made to
compare the two techniques are shown in Table VII. These data indicate
that the fluorescent cell-counting technique was comparable in sensitivity,
if not superior, to the former procedure for estimating the concentration
of psittacosis virus. The.time required to assess the aerosols was another
important consideration in the comparison of techniques. Virus aerosols
were assessed within 24 hours by the fluorescent cell-counting technique,
whereas 14 days were required by intracerebral inoculation of mice.
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TABLE IV. COMARISON OF DIFFERENT METHODS
FOR THE ASSAY OF PSITTACOSIS VIRUS

Assay C It• MICLDs 0 / ELDA/ TC ID /0

Number per ml per ml per ml per ml

1 7.1 7.3 7.2 6.5
2 7.2 6.9 7.0 7.0
3 7.2 7.3 7.0 7.0
4 7.3 7.0 7.2 7.1
5 7.3 7.3 7.2 7.0
6 7.3 7.4 7.1 7.0
7 7.2 7.1 6.8 6.5
8 7.1 7.2 6.8 7.0
9 7.2 7.0 6.71 6.5
10 7.2 7.0 7.2 6.5

11 7.2 7.2 7.4 6.5

Mean 7.2 7.1 7.0 6.7

5 #-O.07 t.017-:- ±0.22 -;-±;2
DeviaLion

Standard error 0.02 0.04 0.07 0.08
of mean

a. Cell-infecting units of virus (logio) determined in 24 hours.
b. Reciprocal of LN0 (logio) mouse intracerebral inoculation, 14-day

observation period.
c. Reciprocal of LDso (loglo) yolk-sac inoculation of seven-day chick

embryos, 10-day observation period.
d. Reciprocal of IDw (logio) cytopathic changes in stationary tube

cultures of McCoy cells, seven-day observation period.
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TABLE V. REPRODUCIBILITY OF DETERMINATIONS OF
CELL-INFECTING UNITS (CIU) OF PSITTACOSIS VIRUS

10P Fluorescent Cells/lO0 Fields,

Assay Dilution of Virus in Inoculum
Number per ml

2.5xI0" 1.25xIO 8.3xl0- 6.2xl0" 2.5xi0"r

1 5.7 2.3 1.5 1.2 0.4 1.3

2 4.5 2.1 1.1 1.1 0.4 1.1

3 4.2 2.2 1.0 1.1 - 1.1

4 5.0 2.4 1.2 1.1 0.4 1.2

Mean 4.8 2.2 1.2 1.1 o.4 1.2

TABLE VI. NEUTRALIZATION OF CELL-INFECTING UNITS OF
PSITTACOSIS VIRUS BY DILUTIONS OF SPECIFIC ANTISERUM

Final dilution of-lntiserum4' CIL per -100 f iedsh/

1:2 0
1:10 6
1:100 96
1:500 184
L:1000 197
Control 227

a. Dilutions of antiserum were mixed with equal volumes of 4.0 x 16"2
dilution of virus suspension, incubated for 2k hours at 25*C, and
inoculated in 0.2-milliliter volumes onto cell monolayers. Virus
adsorption was carried out by centrifugation, followed by removal
uf excess inoculum and subsequent incubation of cell cultures for
22 hours at 35*C.

b. Cell-infecting units of virus. Mean of two determinations.
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IV. DISCUSSION

Thp feasibility of employing the fluorescent cell-counting technique
for the quantitative assay of infective particles of psittacosis virus was
established by the studies described here.

For diverse purposes, centrifugal force has been used to facilitate
contact between cells and viral or rickettsial agents in different tissue
culture systems." ° For the assay of psittacosis virus by the fluorescent
cell-counting technique, the use of centrifugal force, during the period of
virus adsorption onto cell monolayers, was shown to increase the rapidity
and efficiency of the process and resulted in assay values that were sub-
stantially higher than those obtained after stationary incubation. Augmen-
tation of virus adsorption by the use of centrifugal force may be used to
enhance the accuracy of determinations related to the characterization of
virus inactivation rates and makes more meaningful those studies concerned
with the early phases of virus multiplication that require synch on6 s in-
fection of cells.

It was demonstrated furtha! that the appli~attow-•f: rfli.al fr-•-,

virus consistent with the different volumes of inoculum employed._ This
finding-is relevant to studies relying on the detection and agsgy of small
quantities of infective virus. By increasing the volume of inoculum, the

opportunity to detect virus in low concentration may be enhanced. It con-
stitutes, therefore, a marked advantage over those tissue culture systems
and animal hosts whose intrinsic features limit the amountiý6f. virus inoculum
that may be practical to introduce.

The short time required to obtain estimates of virus infectivity has
been cited as an outstanding attribute of the fluorescent cell-counting
procedurei1 This was substantiated by sequential observations made during
the incubation period to follow the development of psittacosis virus antigen
in infected cell monolayers. Cells containing fluorescent viral antigen were
easily recognized and could be enumerated within 20 to 22 hours after in-
fection. Within this time interval of incubation, assay values obtained
from-infected cell cultures incubated at temperatures of 320, 350, 370, and
39"' did not differ unduly, although the development of viral antigen at
32°C was retarded slightly.

In agreement with the findings of'others who investigated the fluorescent
cell-counting technique for assay of different viruses, 's a linear function
was demonstrated also between the concentration of psittacosis virus and
the number of fluorescent cell-infecting units. That the distribution of
infected cells on coverslip cultures did not differ significantly from the
theoretical Poisson distribution paralleled the observations reported
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previously with other viruses. Similarly, a high degree of precision and
reproducibility was noted also in replicate assays of psittacosis virus.
In sensitivity, the cel-l-counting 'procedure was comparable, if not superior',
to assays that rely on dilution endpoints as ati expression of virus con-
centration.

The demonstration of a reduction of cell-infecting units of psittacosis
virus by dilutions of specific antiserum suggests the feasibility of using
the fluorescent cell-counting procedure tp detect and to measure Serum-
neutralizing antibody levels. The principal advantage for carrying out a
neutralization test in this system is-the relatively short time required
to obtain results.

On the basis of sensitivity aid'rapiditv of assay, the fluor~scent
cell-counting-procedure was superior to intracerebral.j nocu]latton.: of mice
f or the assessment of aerosols of psittacosis virus. ".Num~erous replicate
assays could be performed .inexpensively by the former technique ,by merely
using additional coveralip cell cultures. By the latter metbiod'...tcomparable
replication would involve considerable numbers of mice and an-increase in

--. animal:-fack-l-it-ies--and- carev=- Th-

aerosols,

Ao.-V0

AK ~
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